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ELECTRONIC FUNDAMENTALS, LESSON 9 


Theory Lesson 9 


INTRODUCTION 

In earlier lessons, you learned that before 
electric current can flow in a circuit, the 
electrical pressure (voltage) must overcome 
the opposition to current flow caused by the 
resistance of the circuit.You know that there 
is no such thing as a perfect conductor, and 
that all electrical circuits offer some re¬ 
sistance to the flow of current. The electri¬ 
cal energy used in overcoming the resistance 
produces heat. Unless the purpose of the 
circuit is for heating, this energy that pro- 
duced it is wasted. 


9-1 ELECTRICAL POWER 

A power line that carries electricity from 
a central generating plant to a house ten 
miles away, as shown in Fig. 9-1, US es up 


electric power. To see how this is so, let’s 
put it in figures. Let the resistance of the 
power line be 5 ohms and the current flowing 
through it be 4 amperes. Then: 

A' = / x R = 4 x 5 =20 volts 

If the voltage at the generator is 120 
volts, then the voltage available at the house 
(with 4 amperes flowing) is only 100 volts. 
Twenty volts is lost in the power line. 


In Lessor. Five, you learned that power 
is the rate of using energy, and that the 
unit of electrical power is the watt. In d-c 
circuits, Ohm’s Law for power is: Power 
(in watts) is equal to the product of the vol¬ 
tage and the current. This is written: 


P = E x /, 


or 




Fig. 9-1 
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So, if the voltage in the power line is 20 
volts and the current flowing through it is 4 
amperes, then: 

P = E x / = 20 x 4 = 80 watts 

This 80 watts is the power used up in the 
line. At the same time, the power used at the 
house may be written as: 

P = E x / = 100 x 4 400 watts 

The power used at the house is useful power, 
while the power consumed in the line is 
wasted power. 

There are other formulas that you can use 
in order to help you in finding power. For 
example, suppose that you do not know how 
much current is flowing but that you do know 
the resistance and the voltage. In such a 
case, you can find the power by using the 
following formula: 



Here’s how we get this formula. From 
Ohm’s Law, we know that: 


So, we substitute 
r E , 

( ) for (I) 

in the formula, P = E x /, in this way: 



Another formula for calculating power is: 



Let’s see how we get this formula. We 
know that E = / x R, so if we substitute 
(lx R) for (E) in the formula, P = E x /, 
we get P = / x R x / = 12 x R. Applying 
this formula to the same example as before, 
we know the current in the power line is 4 
amperes and the resistance is 5 ohms. So: 

P = I 2 x R = 4x4x5 =80 watts 

9-2. POWER RATING OF RESISTORS 

Resistors must be able to dissipate (get 
rid of) the heat developed in them by the 
power they consume. The power (and heat) in 
the resistor increases rapidly as the current 
through it is increased, because the power 
depends upon th e squ are of the curren t. Let’s 
examine the change in power that takes place 
when there is a change in the amount of cur¬ 
rent. Let’s assume that 5 amperes of current 
flows through a 100-ohm resistor. Then: 

P = I 2 R = 5 X 5 X 100 =2,500 watts 

If we double the value of the resistor, we get: 

P = 7 2 /? = 5 x 5 x 200 = 5,000 watts 

However, if the current is doubled, then 

P = I 2 R = 10 X 10 X 100 
= 10,000 watts 

This show s four times the pow er by doubling 
the current and only two times by doubling 

the resistance value. So, a little change in 

current can make a large change in power. 


Let’s see how this formula works in the 
example we used before. We know that the 
voltage drop in the power line is 20 volts 
and the resistance is 5 ohms. So: 


P 1 _ 20 x 20 

R ~ 5 


4 00 
5 


80 watts 


When a resistor is used within the rated 
limits, heat is able to escape from the re¬ 
sistor as rapidly as it is produced. When the 
resistor is overloaded (in other words, when 
it is caused to carry more power than it was 
made to), heat develops faster than it can 
escape. As you know, some resistive mater- 
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tule riZTZ in resistance as the tempera- 
in re ' andsome carbon resistors decrease 
in resistance with a ri^ in #-- 
either case rhe temperature. In 

circa , is rcs,stance in the overloaded 

ltcuit is no longer the same. This may make 

circdT Of in ,' h ' P" f °™n”ne of th. 
h,T “ lf th ' temperature rises 

gh enough, the resistor may burn up. 

are^ed T"? “ radi ° and 'Revision 

»re rated by the amount of power they can 

s,t y o, an c ar'b FiS “ r ' ” Sh ° WS 

T nod "irewound 

ce!ve “ a” ' adi ° an<i television re- 

la'geT ,’he '°“ CM r See> in general, the 
“f” ‘. he rcs ‘ s '°t. 'he higher is its power 
g in watts. Reststors made by most 


2 watts 



I watt 


manufacturers can withstand some overload¬ 
ing without damage or excessive heat. How¬ 
ever, it is good practice not to exceed the 
Powe, tndtcated by the manufacturer's ratilg 

eto c°'V r Ch °° SinS 8 resis “t lot a 8 ' 
ectnc or electronic circuit, always be 

sure that it can handle the power required 

exaimH T™ ^ in circuit! £ 
example,if a circuit calls for a 4,000-ohm re¬ 
sistor with 10 ma flowing through it w e 
calculate the power: ’ 


p = I 2 R = 0.01 x 0.01 x 4,000 
= 0.4 watt 


However, if the current flowing 
resistor is increased to 20 ma 
power consumed is: 


through the 
we find the 


P ,2R ~ °- 02 x 0.02 x 4,000 
= 1*6 watts 



1/2 watt 



1/4 watt 

about actual size 
(a) 



IO waffs 


5 wafts 


-nugnc use a 1/2-w 

resistor. In the second case, a resistor w, 

will h“‘ ra ' ,aS “ M8her is called for. 1 
this lesson” 10 " " 588 “h™ ^ Ia ‘« 


t 


9-3 VOLTAGE 


DIVISION 


Resistors are often used in radio and 
Revision receivers to divide large voltages 
so that each individual circuit may receive 
he exact voltage it needs. How this is done 
can be egained simply. Figure 9-3 shows a 
attefy with two series resistors 
connected across its terminals. One resistor 



f 


obout 1/4 of actual size 
(b) 

Fig. 9-2 


Fig. 9-3 
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has a resistance of 1,000ohms; the other has 
2,000 ohms. The voltage drop across Ri and 
&2 w iH be i n proportion to the resistances of 
Rl and R 2 . This means that R 2 , having 
twice the resistance of R lf will have twice 
the voltage drop across it. R\ has one-third 
the resistance of the total resistance (/?! 
and R ) So, it has one-third of the total vol¬ 
tage across it. The resistor R 2 has two- 
thirds of the total resistance, so it has 
two-thirds of the voltage. So, between ter¬ 
minals B and C, a meter would measure four 
volts. Between terminals A and B, a meter 
would measure two volts. If we make Ri 
one million ohms and R 2 two million ohms, 
the voltage drops are still the same be¬ 
cause the ratio of the resistances is the 
same. If R± were 200 ohms and R 2 were 400 
ohms, the voltage drops would be the same, 
for the same reason as before. 

Let’s use Ohm’s Law to prove these 
statements. For example, in the original 
circuit, R t = 3,000 ohms. Therefore: 


It 
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3,000 


0.002 amp 


In the third case, equals 200 ohms and 
R 2 equals 400 ohms. So: 

R t = Rl + R 2 = 200 + 400 = 600 ohms 

/ t = = _A_ = 0.01 amp 

R t 600 

k = 7 R1 = 7 R2 

E ri = /ri x Ri = 0.01 x 200 = 2 volts 

Br2 = /r 2 x R 2 = 0.01 x 400 = 4 volts 

From this we can see that, in a series 
circuit, the voltage drops are in proportion 
to the resistance of each part of the circuit. 
We may use this same principle to divide 
any voltage in any needed amounts. Bear in 
mind, however, that this method of voltage, 
division may be used only when voltage is 
needed without current flow . This means that 
if a circuit is connected to points B and C, 
as in Fig. 9-4, no current may be drawn by 
the applied circuit. Where voltage and cur¬ 
rent are both required, voltage dividers are 
calculated in an entirely different manner, as 
we will see later in this lesson. 


This is a series circuit, so: 

4 = 4tl = /R2 

£ri = /ri x R x = 0.002 x 1000 

= 2 volts 

Br2 ~ /R2 x R 2 = 0.002 x 2000 

= 4 volts 

In the second resistor combination,/?! equals 
1 megohm, and R 2 equals 2 megohms. There¬ 
fore: 

Rt ~ Rl + R 2 - 3 megohms 

4 = — = --- = 0.000002 .amp 

R t 3,000,000 

4 = /Rl = /r2 

E R! = /ri x R i = 0.000002 
x 1,000,000 = 2 volts 

Br2 = / r 2 x R 

2,000,000 


When selecting resistors for this type of 
voltage divider, you must remember that the 
total resistance acts as a load to the vol¬ 
tage source. While voltage-divider circuits 
offer an equal load to any equal voltage 
source, the power lost in voltage-divider re¬ 
sistors is sometimes more important when 
the voltage source is a battery. This is be¬ 
cause of the relatively high cost of battery 
power,. especially primary-battery power. If 
the voltage source is a battery, therefore, it 
is desirable to select resistors of high 
values so that little load is placed on the 
battery. 



X 


0.000002 
4 volts 


Fig. 9-4 
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9-4 POTENTIOMETERS 


9-5 PRACTICAL VOLTAGE DIVIDERS 


In radio and television, a potentiometer 
is a resistor with a movable sliding arm 
It usually looks like the one shown in Fig. 
9 - 5 a. Inside, it may look something like the 
one shown in Fig. 9-5 b. The resistor may be 
either wirewound or carbon. One end of the 
resistor is connected to terminal A and the 
other end is connected to terminal B. The 
sliding arm is connected to the center ter¬ 
minal C. The moving arm may be adjusted so 
that it touches any part of the resistor. Figure 
9-5c shows a schematic diagram of a poten¬ 
tiometer with its terminals A and B con¬ 
nected to a voltage source. Moving the arm 
toward terminal A causes the greater portion 
of the source voltage to appear across ter¬ 
minals C and B. Moving the arm closer to 
terminal B causes less of the source voltage 
to appear between C and B. As we know from 
the earlier part of the lesson, the per¬ 
centage of the source voltage across C 
and B will be the proportion of the re¬ 
sistance of C and B to the total resistance. 
Practically all volume controls of all radios 
make use of the potentiometer. Fig. 9 - 5 d 
shows a combination block and schematic 
diagram showing a volume-control circuit 
widely used in radio and television receivers. 


Up until now, we have considered vol¬ 
tage dividers that provide different voltages 
without drawing current. In radio and tele¬ 
vision receivers, there is a need for such 
voltage dividers. However, there is also a 
great need in these receivers for voltage 
dividers capable of providing current at 
different voltages. A simple 5-tube radio re¬ 
ceiver may draw current from its power- 
supply section at three or four voltage 
levels. For example, let’s consider a re¬ 
ceiver that requires 60 ma at 250 volts, 
8 ma at 100 volts, and 2 ma at 75 volts. To 
figure the value of resistance needed for 
such a voltage divider requires a knowledge 
of Ohm’s Law. 

Sometimes the voltage divider circuit of 
a receiver uses a single wirewound resistor 
with taps similar to those shown in Fig. 
9 - 6 a. Figure 9 -6b shows such a resistor 
connected to the power-supply section of a 
radio receiver. We do not know, at this time, 
the values of R u R 2 , and R 3 . We must find 
them. Because we are not ready to discuss 
the parts that make up a power supply, the 
power-supply section is shown as just a 
box with two terminals. The total voltage 
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delivered by the power supply is 250 volts, 
selected because it supplies the maximum 
voltage required in the problem presented in 
the paragraph above. This voltage appears 
across the ends of the voltage divider re¬ 
sistor at terminals A and D. 

The receiver in our problem requires a 
total of 70 ma of current. When designing 
power supplies and figuring the values of 
voltage-divider resistors, it is customary to 
include a certain amount of current that is 
called bleeder current, which flows through 
the voltage-divider resistor at all times when 
the power supply is turned on. The reason 
that bleeder current is included is discussed 
fully in a later lesson on power supplies. 
For our problem, we will assume a value of 
20-ma bleeder current. Therefore, the total 
current drawn from the power supply is 90 
ma, which we find by adding the currents as 
follows: 


60 ma at 250 volts 
8 ma at 100 volts 
2 ma at 75 volts 
20 ma bleeder current 
90 ma total current 


The currents drawn from the power supply 
and voltage divider circuit are used in cer¬ 
tain electronic circuits that include electron 
tubes and other radio parts. The 60 ma at 
250 volts may supply correct operating po¬ 
tentials to the electrodes of several tubes. 
However, this 60-ma load on the power 
supply may be represented by a resistor, as 
in Fig. 9-6c. This load is shown in the dia¬ 
gram as a resistor labeled load A. At the 
100-volt level, 8 ma are required, and this 
is represented by load B. At the 75-volt 
level, 2 ma are required, and this is repre¬ 
sented in the diagram by load C. By examin¬ 
ing the diagram, it can be seen that the 60 
ma current of load A does not flow through 
the voltage divider at all. Looking at Fig. 
9-6 c and d, if we follow the path of the 
current from the negative terminal of the 
power supply, we find that the current leav¬ 
ing the power supply is 90 ma. At point 
D , the current divides between E and C with 
20 ma bleeder current flowing through the 
nrst section of the voltage divider resistor R i. 



A 



250v at 60 ma 


too v at 8ma 


75v at 2ma 


ov 



20+2+8+60=90ma 

/-” /N -, 

A 




20+2+8=30 ma 
B 

20+2 = 22ma 


20 ma 
(bleeder 
current) 


2ma 


8 mo 


60 ma 


90 m a 


D 70 ma E 68 ma F 60 ma 


(d) 

Fig. 9-6 

The remaining 70 ma flow on from D to E, 
where 2 ma flow through load C (between 
points E and C). The current flowing from 
C to B, in the second section of the voltage 
divider R 2 is the sum of the 20-ma bleeder 
current and the 2 ma of load C. This makes 
a total of 22 ma flowing through the second 
section of the voltage divider. 

Returning to the division of current, we 
find that 68 ma flows from point E to point F, 
where 8 ma passes through load B (from point 
F to B), with the remaining 60 ma passing on 
through load A. With the 8 ma of load B 
added to the 22 ma of the second section of 
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the voltage divider, the third section be¬ 
tween points B and A carries 30 ma. At A, 
30 ma from the third section R 3 and 60 ma 
from load A add to 90 ma and return to the 
positive terminal of the power supply. Note 
that this current entering the power supply 
is the same as the current leaving the power 
supply at the negative terminal. 


current flowing in any part of the voltage 
divider. The highest current flowing through 

any section of the voltage divider is 30 ma 
So: 

P = 1 2 R = 0.03 x 0.03 x 9,886 
= 8.9 watts (approximately) 


In order to find the resistance value of 
the entire voltage divider, it is necessary to 
find the resistance values of each of its 
sections. These resistance values must be 
found one at a time. All that you need in 
order to find them is Ohm’s Law. The re¬ 
sistance of the first section between C and 
P) may be found as follows: 

ft _ E 75 

1 " ~ 0.02 = 3,750 ° hms 

The resistance of the second section is: 


e 2 = 100 - 75 = 25 volts 
Therefore R 2 = _Ji = U36 ohms 

The resistance of the third section is: 


9-6 SAFETY FACTOR 


-twc v ioiuu, ana ocner elec- 

tronic engineers include a safety factor 
when calculating the power rating of re¬ 
sistors and other parts. The idea behind the 
safety factor is to allow for an overload. The 
safety factor generally used in calculating 
power ratings of resistors is two. This means 
simply that the actual power the resistor is 
supposed to handle is multiplied by two. So, 
applying the safety factor, we multiply 
8.9 x 2 and get 17.8 watts. Tapped wire- 
wound resistors for voltage dividers usually 
must be made to order. So, when ordering a 
quantity of these voltage-divider resistors 
we would specify the nearest highJ 
commercial size. In this case, 20-watt 
resistors would be used. 


9-7. PRACTICAL VOLTAGE-DIVIDER 
RESISTORS 


63 - 250 — 100 = 150 volts 
Therefore, R } = = 5)000 ohms 

To find the total resistance of the voltage 
divider, we add the individual resistance 
values. So: 

R t = Rl + R 2 + = 3,750 

+ 1,136 + 5,000 = 9,886 ohms 

In addition to knowing how much resist¬ 
ance is in each section of a voltage divider, 
it is also necessary to figure the power 
rating. In calculating the power rating of a 
tapped wirewound voltage divider, we use 
the power formula, P = /2/f. The current 

used in the calculations must be the highest 


Tapped wirewound voltage-divider re¬ 
sistors are used in radios and television 
receivers. However, they are made to order 
for the particular receiver or circuit for 
which they are designed. This calls for 
special operations; in manufacture. They are 
somewhat costly to replace when one section 
burns out or otherwise becomes defective. 
Some servicemen suggest replacing only the 
defective section with a single resistor of 
the proper value. Sometimes there is not 
enough space for another resistor. In such 
cases, the entire voltage divider must be 
replaced. However, even if there is enough 
space, the defective section may still cause 
trouble. So, the best practice is to replace 
the whole voltage divider, if at all possible.. 
Resistors having adjustable taps can be 
used. 

Today, in many pieces of equipment, 
the sections of a voltage divider are made 
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-i of individual resistors. In most cases, 
these resistors are carbon composition re¬ 
sistors, which are considerably less ex¬ 
pensive than wirewound resistors. Also, they 
take up, somewhat less space. What is 
more, if one resistor breaks down, it alone 
is the one to be replaced. Each is selected 
with a power rating based on the current 
flowing through it, which need not be as 
much as the maximum current flowing in the 
voltage divider circuit. 

Let’s see how using individual resistors 
cuts down on the power rating. The power of 

each resistor in Fig. 9-6 may be calculated 
separately: 

Pri = (hi) 2 x Ri = 0.02 x 0.02 x 3,750 
= 1.5 watts 

P R2 = (kl) 2 x R 2 = 0.022 x 0.022 
x 1,136 = 0.54 watts 

P R3 = (Sr3) 2 x i ?3 = 0.03 x 0.03 x 5,000 
= 4.5 watts 

By applying our safety factor, we find that 
Rl should be a 3 -watt resistor, R 2 should be 
1.08-watt resistor, and R 3 a 9 -watt resistor. 
Carbon composition resistors are normally 
produced with ratings of 1/2 watt, 1 watt, 

2 watts, and sometimes 3 and 5 watts. Wire- 
wound resistors are normally produced with 
ratings of 5 , 10 , 20 , 25, 50 , 80, and 100 
watts. So, for our first resistor we would 
choose a standard 3 -watt carbon composition 
resistor. Instead of ordering a 3,750-ohm 
resistor, we would order the nearest stock 
size, which might be either 3,600 or 3,900 
ohms. For resistor R 2 , we would use a 
standard 1 -watt resistor with a standard 
stock value of l,100ohms. For # 3 , we would 
select a standard 5,000-ohm, 10 -watt wire- 
wound resistor. These resistors would 
occupy much less space than one tapped 
wirewound resistor. What is more, if one re¬ 
sistor broke down, it alone would have to be 
replaced. 

9-8. RADIO GROUND 

Radio and television receivers are 
normally assembled on metal frames or 



Fig. 9-7 


bases, as shown in Fig. 9-7. A serviceman 
calls such a frame the chassis . These 
chassis are usually made of either cadmium- 
plated steel or aluminum. The electrical re¬ 
sistance of a radio chassis is very low. 
Because this is so, it is used as a conductor 
for certain currents that flow in radio and 
television circuits. These circuits have one 
end electrically connected to the chassis. 
Electrically, we call the chassis a ground. 
This is because in all early radio receivers, 
and in some of those now manufactured, a 
wire was connected from the earth to the 
chassis so that it would be at the electrical 
potential of the earth (ground). A circuit 
connected to the chassis, is said to be 
grounded . The part of a circuit connected to 
chassis is called a ground, return . The 
grounded part of any circuit is considered to 
be at zero potential (0 volts). 

In some voltage-divider systems, the 
negative end of the circuit is grounded. In 
some cases, however, it is necessary for 
one or more of the voltages needed in a 
receiver to be negative with respect to zero. 
When these voltages are obtained from the 
voltage-divider circuit, the negative end of 
the power supply is not connected to the 
chassis. Instead, some other point in the 
voltage divider is connected to the chassis 
(ground), as shown in Fig. 9-8. In this vol¬ 
tage divider, point U is grounded (as shown 
by the ground symbol). All voltages in a 
positive direction from point D are said to be 
above ground, and all voltages in a negative 
direction from point D are said to be below 
ground . All voltages above ground are meas¬ 
ured with ground as the negative end and all 
voltages below ground are measured with 
ground as the positive end. Ground is, there- 
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Fig. 9-8 

fore, a reference point with a potential of 

voltY'M C C ° Uld gr ° Und 3ny P° int of the 
voltage-divider circuit. All we need do is to 

change a few circuit connections in the radio 

or television receiver. For example, we 

could ground the positive end of the voltage 

supply and have all of the voltages negative 

th respect to ground. However, radio and 

somJ 1510 )" feCeiVers are designed so that 
some voltages are above ground and some 
are below ground. 

The voltage divider shown in Fi# Q-8 
has two voltage , eve]s tha[ are iT f w . th 

STL'” f:°“ nd - °» e is -3 volrs and ,he 
l';V K volts - The total voltage de- 

which d '' P ° Wer SUpply is 268 v°lts, 

tie 18 voit K 7 °' ' he 250 '° ltS above 

tne 18 volts below ground. 

This voltage divider differs in several 
ays from the one we just calculated. For us 
to understand these differences, it is nec¬ 



essary to calculate the resistance values of 
ch section of such a voltage divider. In 
order to simplify our problem, we will use 
same current requirements as in the last 
vo tage divider. Therefore, we will assunfe 
that we need 60 ma at 250 volts, 8 ma at 100 
vo ts, 2 ma at 75 volts, with 20 ma of 
bleeder current. The negative voltages are 

• SCd f 7 ] helr P otentlaIs only, and no current 
is needed at these points. Figure 9-9 shows 
he voltage divider with resistors represent- 
ng the three current loads. Because no 
current is drawn at the -3-volt and -18-volt 
evels, no load is shown at these points. 
The diagram also shows the current paths. 
Examine the diagram carefully and you will 
see that the negative return of the three load 

£!r“ 1S f thC 2er ° p0tential > or ground 

level. Therefore, the entire 90 ma delivered 
by the power supply passes through the first 
and second sections of the voltage divider 
(*1 and K 2 ). With this knowledge we can 
calculate the resistance values of each sec¬ 
tion of the voltage divider: 


/?, 


J R1 


R J 


E 


R1 is the difference between -3 and -18 
volts, which is 15 volts. Therefore: 


Ri = 


15 

0.09 


167 ohms 


In a similar manner. 


R- 


Ri 


R 4 = 


R 


5 = 


E R2 

3 


Ir 2 

0.09 

“ 33 ohms 

£ R3 

75 


7 R3 

0.02 

= 3,750 ohms 

£ R4 

25 


7 R4 

0.022 

= 1,136 ohms 

II 

■?|. 

150 

= 5,000 ohms 

7 R5 

0.03 



Fig. 9-9 
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As you can see, this voltage divider 
differs from the first one in the two added 
resistance sections and in the amount of 
applied voltage. However, if we use a single 
tapped wire-wound resistor for this voltage 
divider, we will s&e a considerable differ¬ 
ence in the power rating of this voltage 
divider as compared with the first one. As 
you know, the power rating of a single 
voltage-divider resistor is determined by the 
greatest current flowing in any section. 
The highest current flowing in this voltage 
divider is the 90 ma flowing through Ri and 
/? 2 - Adding the resistance values of the five 
sections of the voltage divider, we get a 
total of 10,086 ohms. The power rating 
of the voltage-divider resistor is: 

P = /2ft = 0.09 x 0.09 x 10,086 
= 82 watts 


Multiplying 82 watts by our safety factor, 2, 
we see that a resistor with 160-watts rating 
is needed, which is considerably more than 
the 20-watt rating of the first voltage divider. 
In this case, therefore, it definitely pays to 
break the voltage divider up into separate re¬ 
sistors. Then: 

P R2 = (l K2 )2 x r 2 = 0.0081 X 33 
= 0.27 watts 

In this case a l/2-watt carbon resistor will 
do very nicely. 

P R1 = Ori) 2x R l = 0-0081 x 167 
= 1.4 watts 

Here, a standard 3-watt carbon resistor, or a 
5-watt wirewound resistor will handle the 
power. The remaining three resistors are 
rated the same as in the previous problem. 




